Experiments were performed to test the hypothesis that a reduction in the space constant contributes to slow conduction in the infarcted myocardium of dogs 5-8 days after coronary artery occlusion and reperfusion. Standard microelectrode techniques were used to measure action potential characteristics and conduction velocity parallel to fiber orientation in normal and infarcted ventricular epicardial strips superfused in a tissue bath. The space constants were determined by measuring the decay of the transmembrane steady state electrotonic potential with distance from a suction electrode current source. In eight normal epicardial preparations, conduction velocity ranged between 0.305 and 0.603 m/sec, and the space constant was between 0.712 and 1.202 mm. In 10 infarcted epicardial preparations, in regions of slow conduction (0.032-0.299 m/sec), the space constant was reduced to values between 0.281 and 0.917 mm. Action potential amplitude and maximum rate of depolarization were also reduced in infarcted myocardium. There was a direct relationship between conduction velocity and space constant and maximum rate of depolarization. In infarcted tissues, two types of slow conduction occurred. Slow conduction was uniform down to a velocity of approximately 0.181 m/sec, and a space constant of 0.523 mm. Below these values, conduction was discontinuous with prepotentials associated with the action potential upstroke. Indirect evidence from our studies suggests that a depression in action potential depolarization and an increase in effective axial resistance contribute approximately equally to uniform slow conduction in the infarcted myocardium. (Circ Res 53: 176-185, 1983) 
SUMMARY. Experiments were performed to test the hypothesis that a reduction in the space constant contributes to slow conduction in the infarcted myocardium of dogs 5-8 days after coronary artery occlusion and reperfusion. Standard microelectrode techniques were used to measure action potential characteristics and conduction velocity parallel to fiber orientation in normal and infarcted ventricular epicardial strips superfused in a tissue bath. The space constants were determined by measuring the decay of the transmembrane steady state electrotonic potential with distance from a suction electrode current source. In eight normal epicardial preparations, conduction velocity ranged between 0.305 and 0.603 m/sec, and the space constant was between 0.712 and 1.202 mm. In 10 infarcted epicardial preparations, in regions of slow conduction (0.032-0.299 m/sec), the space constant was reduced to values between 0.281 and 0.917 mm. Action potential amplitude and maximum rate of depolarization were also reduced in infarcted myocardium. There was a direct relationship between conduction velocity and space constant and maximum rate of depolarization. In infarcted tissues, two types of slow conduction occurred. Slow conduction was uniform down to a velocity of approximately 0.181 m/sec, and a space constant of 0.523 mm. Below these values, conduction was discontinuous with prepotentials associated with the action potential upstroke. Indirect evidence from our studies suggests that a depression in action potential depolarization and an increase in effective axial resistance contribute approximately equally to uniform slow conduction in the infarcted myocardium. (Circ Res 53: 176-185, 1983) IN a previous study from our laboratory (Spear et al., 1983) , we demonstrated chronic cellular electrophysiological abnormalities associated with regions of slow conduction in epicardial tissues removed from the infarcted region of dogs 3-15 days after they had undergone coronary artery occlusion and reperfusion. The animals exhibited transmural mottled infarcts and were susceptible to pacing-induced tachyarrhythmias at the time of study. In slowly conducting areas, local conduction block occurred, and action potentials were associated with prepotentials and notches on their depolarization and repolarization phases. The prepotentials and notches appeared to be due to electrotonic interactions resulting from microcircuitous slow conduction around or across nonactivated areas. Our findings suggested that disruptions in cell-to-cell electrical continuity may contribute to slow conduction in the infarcted region.
Other investigators have measured decreased space constants associated with acute hypoxia (Wojtczak, 1979; Ikeda and Hiraoka, 1982) and during acute ischemia produced by coronary artery ligation (Akiyama, 1980) . The present studies were undertaken to determine if the space constant is reduced between surviving cells in chronically infarcted myocardium. We determined space constants by measuring the subthreshold electrotonic responses to current injected by a suction electrode. The experiments were designed to correlate local conduction velocity with the measured space constant and action potential characteristics.
Methods

Experimental Myocardial Infarction
Experiments were performed on 18 epicardial tissues removed from 13 adult mongrel dogs weighing between 8 and 16 kg. Six of these dogs underwent experimental infarction. The animals were anesthetized with intravenous sodium pentobarbital (30 mg/kg body weight) and ventilated with room air. By means of sterile procedures, their hearts were exposed through a limited left lateral thoracotomy at the 4th intercostal space, the pericardium was opened and the left anterior descending coronary artery was exposed approximately 1-2 cm from its origin and occluded in two stages (Harris, 1950) . After 2 hours of occlusion, the snare was removed and the return of pulsatile blood flow verified. The animals were allowed to recover, and routine postoperative care was administered, including prophylactic antibiotic therapy. Details of our methods have previously been reported (Michelson et al., 1980) .
The Isolated Tissue Preparations
Ventricular tissues were removed from animals 5-8 days after the occlusion and reperfusion procedure. The
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animals were anesthetized with intravenous sodium pentobarbital (30 mg/kg body weight), their chests were opened via a mid sternotomy, and susceptibility to ventricular tachyarrhythmias was verified by programmed electrical pacing through plunge wire electrodes inserted in normal left ventricular myocardium (Michelson et al., 1981) . The hearts were removed, and tissues were shaved from the epicardial surface of the most dense region of infarction, with a scalpel. The tissues were approximately 1-2 mm thick, 1 cm wide, and 2-3 cm long, and were removed so that their longitudinal axis was parallel to the superficial fiber orientation. We were careful to avoid areas of pericardial adhesions or regions where we could not ascertain superficial fiber orientation. The epicardial slices were placed in the tissue bath with the epicardial surface exposed. Our procedures have been described previously (Spear et al., 1983) . Using the same techniques, we obtained eight epicardial preparations from corresponding areas of the normal left ventricular myocardium in the seven dogs that had not undergone the coronary occlusion and reperfusion procedure. After the tissue were placed in Tyrode's solution, a bipolar stimulating electrode consisting of two Teflon-coated silver wires was positioned at one end of the tissue, and a similar bipolar electrode was used at the opposite end to obtain a surface electrogram. The tissues were paced at a basic cycle length of 1000 msec, with constant current square wave pulses 2 msec in duration and twice diastolic threshold intensity. Measurements were begun after the tissues had equilibrated in the bath for 1 Vi to 2 hours and conduction time between the stimulating and recording electrodes had stabilized. Throughout the course of the experiment, the electrogram was monitored to verify the stability of the preparation.
Transmembrane Action Potential Recording
With standard 3 M potassium-filled microelectrodes, transmembrane potentials were recorded from the superficial cells of the epicardial surface. The recordings were displayed on an oscilloscope and photographed on 35mm film, as well as stored on analog tape, for later analysis. After the experiment, all parameters were measured to the nearest millivolt and millisecond, with a Hewlett Packard 9825A computer and 9864 manual digitizer system. The action potential parameters measured were resting potential, action potential amplitude, maximum rate of depolarization determined by electronic differentiation (dV/dtm,,), and action potential duration at both 30% and 100% repolarization.
After the infarcted tissues had equilibrated, in an initial survey, we localized regions of possible abnormal conduction by sequentially recording action potentials throughout the tissue at distances of approximately 2-3 mm. This procedure has been described previously (Spear et al., 1983) . After a region of interest had been localized, the stimulating electrode was moved to within 5 mm of this area and pacing was reestablished at a basic cycle length of 1000 msec. Conduction velocity then was determined in this area by sequential microelectrode recordings made parallel to the fiber orientation. Starting approximately 5 mm from the stimulating electrode, sequential transmembrane potential recordings were made at approximately 0.5-mm distances over a total distance of 3-4 mm. Distances between recording sites were measured, using a dissecting microscope with an optical micrometer. The site of cell impalement was determined by observing the mid-177 point of the dimple produced by the microelectrode impaling the surface of the tissue. Using the optical micrometer, we could resolve distances of 0.04 mm. The activation time at a site was determined by measuring from the stimulus artifact to the time of maximum rate of depolarization of the action potential. The resolution of our computer based manual digitizing system for determining conduction times was 0.07 msec. Conduction velocity was determined from a plot of activation time vs. distance using the slope of the linear regression. An r 2 value of 0.9 for the regression was considered acceptable, and indicated uniform conduction velocity across the area of interest.
At each recording site, the foot of the action potential was also digitized. The time constant of the foot of the action potential was determined from a semilogarithmic plot of the voltage vs. time of the initial 10-mV deviation from resting potential. The exponential fit was made by nonlinear regression procedure and the time constant obtained from this regression. The time constant of the foot of the action potential used in subsequent calculations was the mean value obtained from all of the recording sites in a given area.
Space Constant Determination
After the action potential characteristics, conduction velocity, and the time constant of the foot of the action potential had been determined at the site of interest, a suction electrode was positioned between the stimulating electrode and the edge of the site. The suction electrode was similar to that described by Bonke (1973a) and consisted of a glass pipette with a 0.5-mm inside diameter and a 1.0-mm outside diameter, surrounded by a stainless steel grounded shield. The suction electrode was positioned gently on the surface of the tissue, and suction was applied with a 1-ml syringe until a slight convexity was apparent on the epicardial surface within the suction electrode. Current was passed between a silver-silver chloride wire within the glass capillary and an indifferent silver-silver chloride electrode located in the tissue bath. Tyrode's solution that had been taken up into the glass capillary provided the bridge between the current electrode and the tissue. The current was a square wave pulse delivered by a constant current source and ranged between 10 and 30 ^A in our experiments. The duration was 80 msec. In an analysis of a similar suction electrode system, Bonke (1973a) showed that when the suction electrode is made the anode, cells below the suction electrode are hyperpolarized, and those beyond the walls of the glass capillary are depolarized. The opposite holds true when the suction electrode is made the cathode. The degree of polarization falls off exponentially with distance from the capillary wall. Because of the greater current density under the suction electrode, polarization is much greater under the electrode than that which is experienced by cells beyond the wall of the capillary. Since higher current intensities and better resolution can be attained without producing a threshold response when the cells under the suction electrode are experiencing hyperpolarizing current, we used subthreshold anodal current at the suction electrode to produce electrotonic depolarization of cells beyond the wall of the capillary. Five to 14 sequential transmembrane potentials were sampled at distances up to 2 mm from the wall of the capillary using a S-7000 differential electrometer (W-P Instruments) which measured the difference between a roving microelectrode and a reference microelectrode positioned in the bath near the suction electrode. During the determination of the space constant, the tissue was paced at a basic cycle length of 1000 msec and the current pulse delivered at least 300 msec after the cell had undergone repolarization following a conducted beat. Since fiber orientation has been shown to be an important determinant of the space constant (Sano et al., 1959; Woodbury and Crill, 1971; Clerc, 1976; Spach et al., 1981) all recordings were made parallel to fiber orientation. Since the electrotonic polarization fell off exponentially, the space constant was determined from a semi-logarithmic plot of the steady state electrotonic potential vs. distance from the wall of the suction electrode, assuming an infinite linear cable (Hodgkin and Rushton, 1946) .
Statistical Methods
Parameter means were compared using the Student's ftest for non-paired data. A P value less than or equal to 0.05 was considered significant. All tabular data are expressed as means and standard deviations. Linear fits of the data were made using linear regression. Exponential fits were made by linear regression of the semilogarithmic transform of the data.
Histologic Methods
Infarcted epicardial tissues were removed from two dogs that had undergone occlusion and reperfusion 5 days previously. One normal epicardial tissue was obtained from a control animal. The tissues were fixed in 10% formalin, and 10-/im-thick transverse sections were taken from the mid-region and ends of the tissues. The sections were stained with hematoxylin and eosin and studied with a light microscope at a magnification of 450X. Using an optical micrometer, we measured cell diameters to the nearest 1.1 fim. In the two infarcted tissues and the normal tissue, the minimum diameters of cells which were round or ovoid in cross-section and had centrally located nuclei were measured. The mean value of 184 cell measurements in infarcted tissues were compared to the mean of 184 normal cells using, Student's t-test to determine if there was a significant difference between cell diameters of normal and infarcted epicardium.
Justification of the Methods
The suction electrode technique, rather than current injected through a microelectrode, was used to determine space constants in the present experiments. The radial current flow from a point source of current in a multidimensional system such as a sheet of epicardial tissue produces a steady state spatial decay of voltage which is non-exponential and falls very steeply with distance (Sakamoto, 1969; Jack et al., 1975; Clerc, 1976) . In addition, the nonuniform and sparse transverse distribution of lowresistance junctions between adjacent myocardial cells (Spach et al., 1981) probably contributes to the inability to measure accurately the spatial decay of voltage from current injected intracellularly in a sheet of myocardium. Small variations in location of the recording electrode in the transverse direction produce large errors in the recorded voltage. For these reasons, we chose the suction electrode technique to inject current into a large population of cells.
In the experiments of Woodbury and Gordon (1965) , a suction electrode 50 fim in diameter was used to inject current into frog atrial trabeculae 80 /im in diameter. Since the suction electrode approached the diameter of the trabeculae, there was relatively uniform cross-sectional distribution of the current, and the voltage fell off exponentially in only one spacial dimension. The electrode in the present studies had a diameter of 500 jzm, which was still considerably less than the width of the epicardial preparation. However, ventricular muscle is anisotropic. Clerc (1976) found a 9-to-l difference in the internal resistance in the transverse and longitudinal directions. The large diameter of the suction electrode used in the present experiments assured a uniform distribution of inrracellular current among a large population of cells, and the anisotropic nature of the preparation offered a preferential path for current in one spatial dimension. This may account for the exponential fall-off of voltage with distance, and provide some basis for using the assumption of a one-dimensional cable in calculating the space constant.
The use of the suction electrode, however, provides several limitations. Since the proportion of current flowing in the extracellular space and that crossing the membrane and flowing intracellularly is not known, the input resistance cannot be used to determine membrane resistance. We did not feel justified in estimating the proportion of inrracellular current (Woodbury and Gordon, 1965) , since differences exist between the extracellular spaces in normal and infarcted myocardium. In addition, the use of a point source of current in a multidimensional system is precluded, since it has been shown that input resistance is extremely insensitive to changes in membrane resistance in such a system (Jack et al., 1975) .
Results
The Space Constant in Infarcted Myocardium
Figure 1 presents analog records demonstrating the method of determining the space constant in a normal epicardial preparation. In part A, is shown a subthreshold electrotonic depolarization in response to intiacellular current injection following a conducted action potential. In part B, three similar electrotonic responses are shown on expanded time and voltage scales. The three responses were obtained at the distances from the current source indicated at the left. The space constant was derived from a semilogarithmic plot by determining the distance for the steady state electronic depolarization to fall off by a factor of 1/e. Such a plot is shown in Figure 2 for normal epicardium from a different experiment at two intensities of current. The +'s indicate the electrotonic responses to 20 /xA, and the circles indicate repsonses to 12 ^A. The regression at 20 jiA had an r 2 value of 0.97, and, at 12 ^A, this value was 0.90. The measured space constant at 20 /iA was 1.122 mm and at 12 fiA was 1.085 mm. The simple exponential decay of the steady state electrotonic potential with distance verifies the suitability of this technique for measuring space constants, and the parallel regression lines at the two current intensities demonstrate that the measured space constant is independent of the current intensity at the source. Table 1 presents . Analog records demonstrating electrotomc responses to mtracellular current injected by a suction electrode. In part A is a conducted action potential followed by an electrotomc depolarization. The time and voltage calibrations at the right are 100 msec and 50 mV. In part B, similar electrotonic responses are displayed on the expanded time and voltage scales (10 msec and 5 mV). The records were obtained at the distances from the suction electrode indicated at the left. mean space constant was 0.939 mm and ranged between 0.767 and 1.202 mm. These values are comparable to those reported by other investigators in normal canine ventricular myocardium (Kamiyama and Matsuda, 1966; Sakamoto, 1969; Sakamoto and Goto, 1970; Ikeda and Hiraoka, 1982) .
In a similar manner, space constants were measured in 10 infarcted epicardial preparations ( 1). The space constant ranged from 0.281 to 0.917 mm. Figure 3 presents plots of the steady state electrotonic potential vs. distance used for determining the space constant in two infarcted tissues. These data demonstrate a variably reduced space constant in the infarcted myocardium.
Action Potential Characteristics in the Infaicted Myocardium
In Table 2 are the means and standard deviations for the action potential parameters recorded in the eight normal preparations and 10 infarcted preparations. As previously reported for tissues 3-5 days after infarction (Spear et al., 1983) , in the present study, at 5-8 days, the resting potential, action potential amplitude, and maximum rate of depolarization were reduced significantly in the infarcted region. However, direct comparisons between this and the previous study (Spear et al., 1983) can be made only qualitatively, since, in this case, the regions of infarct studied were preselected to be in areas of slow conduction.
In the infarcted region, the conduction velocity ranged between 0.032 and 0.299 m/sec, compared with the normal tissues, which ranged between 0.305 and 0.603 m/sec (Table 1 ). In these experiments, we observed two different kinds of slow conduction in the infarcted regions. Therefore, in Tables 1 and 2, data are tabulated in two categories based on these conduction characteristics in the infarcted tissues. In the first type, conduction velocity appeared uniformly slow. In the plot of conduction time vs. distance, there was a good fit to the linear regression. In these regions, the range of conduction velocity was between 0.181 and 0.299 m/sec. In the second type of slow conduction, conduction velocity was discontinuous. In these cases, conduction times were not directly related to the distance from the stimulating electrode, and large increases in activation time occasionally occurred between closely adjacent cells. Also, occasional cells exhibited only subthreshold responses. Therefore, in these cases of discontinuous conduction, the measured conduction velocity can be regarded only as an estimate. In a previous study (Spear et al., 1983) , we demonstrated the mechanism of this type of slow conduction in infarcted regions to be due to conduction around or across local nonactivated areas. To determine the direction of the wavefront at any given point in these cases, high-resolution, detailed mapping of the activation sequence would be required. However, this was not done in the present experiments.
In the regions where conduction was discontinuous, the foot of the action potential did not exhibit an exponential rise. In Figure 4 , selected records are presented to demonstrate this phenomenon. In Fig-/ ' ure 4A, recordings from a normal region are shown. In the upper record is an action potential from experiment number 2. The two records below ,are the foot of this action potential (AP') and the electronically derived first derivative of voltage (V) shown on expanded time and voltage axes. In Figure  5 , the data indicated by A were derived by digitizing the foot of this action potential. The regression line indicates a good fit to an exponential with a time constant of 1.35 msec. In Figure 4B , similar recordings are presented for a cell in an infarcted region that exhibited uniform conduction (experiment 5 of Table 1 ). In this case, the foot of the action potential also had an exponential rise with a time constant of 0.55 msec. In contrast in Figure 4 , C and D, recordings are displayed from two regions of discontinuous conduction (C from experiment 3, and D from experiment 4 of Table 1 ). In these cases, the spike of the action potential was preceded by a prepotential producing a distortion in the foot of the action potential. The data plotted as B in Figure 5 are from the records of D in Figure 4 and demonstrates the non-exponential characteristic. In a previous study (Spear et al., 1983) , it was shown that electrotonic interactions between adjacent cells in areas of discontinuous conduction produced these prepotentials and notches. In Table 1 , the mean time constant of the foot of the action potential for each of the recordings in normal and infarcted tissues are presented. In the infarcted region, only those areas in which conduction was uniform and the action potential foot exhibited an exponential rise are tabulated.
Determinants of Slow Conduction
Whereas the data of Table 1 show a wide range of values in normal and infarcted areas for the space constant, nevertheless there is a relationship of these values to the conduction velocity. This is shown in Figure 6 . In the upper graph, the relationship between the measured space constant and the conduction velocity are shown for normal (+) and infarcted tissues (O). The filled circles indicate data from the regions of discontinuous conduction. This plot shows overlap in measured space constants between normal regions and infarcted regions in which the conduction velocity was uniform and between 0.251 and 0.299 m/sec. However, in Table 1 , the mean space constant for the six infarcted regions was 0.720 0.92 (+), and 0.77 (O). The  calculated space constants are shown at the right for each case, and  are the maximum and minimum values obtained in infarcted tissues. mm and was significantly different from the mean normal value of 0.939 mm (P = 0.024). For space constants equal to or less than 0.523 mm, conduction was discontinuous (filled circles in the upper graph of Fig. 6 ). The mean space constant for these four infarcted regions was 0.423 mm and was significantly different from the mean values in the infarcted regions exhibiting constant conduction and from the normal regions (P < 0.001 by analysis of variance).
In the lower graph of Figure 6 , the relationship between conduction velocity and time constant of the foot of the action potential is shown for the normal tissues and the infarcted tissues in which conduction velocity was uniform. It can be seen here and in Table 1 that there was no significant difference between the time constant of the foot of the action potential in normal and infarcted tissue. Therefore, the data of Figure 6 demonstrate that, in infarcted regions, slower conduction velocities are associated with decreased space constants and unchanged time constants of the foot of the action potential. Figure 7 demonstrates the relationships between conduction velocity and action potential amplitude (panel A) and action potential maximum rate of depolarization (panel B) for the normal and infarcted tissues. In the upper graph of this figure, the mean action potential amplitude for cells in infarcted regions exhibiting discontinuous conduction was 47.6 mV. This is significantly different from the uniformly conducting regions of the infarct and the normal regions (P < 0.001 by analysis of variance). In Table 2 , it can also be seen that, in the region of discontinuous conduction the action potential am-181 plitudes were less than the resting potentials so that most cells did not exhibit overshoots. In the lower graph of Figure 7 , a direct relationship between conduction velocity and action potential maximum rate of depolarization for the normal and infarcted tissue is apparent. In areas of discontinuous conduction in infarcted regions, the mean maximum rate of depolarization was 13.4 V/sec, and significantly different from the mean values for uniformly conducting regions and normal regions (P < 0.001 by analysis of variance).
Discussion
Decrease in the Space Constant
There are several possible factors which might be contributing to slow conduction in the infarcted tissues of our experiments. These can be categorized as either changes in membrane characteristics (ionic currents), or changes in effective axial resistance (intracellular resistance including gap junctions, extracellular resistance, and cell shape).
The present experiments demonstrate for the first time a persistent reduction in space constant in infarcted myocardium 5-8 days after occlusion and reperfusion. In addition, our data demonstrate a direct relationship between space constant and conduction velocity (Fig. 6 ). Other laboratories have shown acute reductions in space constant associated with acute hypoxia and acute ischemia (Wojtczak, 1979; Akiyama, 1980; Ikeda and Hiroka, 1982) . In addition, the sinoarrial node and atrioventricular node which exhibit the slowest conduction velocities in the heart have been found to have relatively short space constants (Bonke, 1973b; DeMello, 1977) . The dependence of conduction velocity on the space constant is most clear when comparing conduction velocity parallel with fiber orientation and transverse to fiber orientation. In this comparison, differences in conduction velocity cannot be due to membrane characteristics reflected in the action potential amplitude and maximum rate of depolarization, and are due solely to differences in the internal axial resistance in the parallel and transverse directions to fiber orientation (Sano et al., 1959, Woodbury and Crill, 1971; Clerc, 1976; Spach et al., 1981) .
In our experiments, since we have shown that cell diameters are not different between normal and infarcted tissues (Fig. 8) . This cannot be a factor contributing to the reduced space constant. Therefore, Equation 1 presents the relationships determining the space constant which may be modified in the infarcted tissues of our experiments.
In this equation, X is the space constant, r m is the membrane resistance, r ; is the internal axial resistance, and r o is the axial resistance of the extracellular space. A decrease in the space constant could be due either to a decrease in r m or to an increase in effective axial resistance (r ( and/or r o ). In the present experiments, since we were unable to measure the input resistance, we could not obtain direct information concerning which of these factors contribute to the reduced space constant. Two of the more likely possibilities are that the low resistance gap junctions between cells are modified in the infarcted region, causing an increase in ri. Another possibility is that the fibrotic matrix in which the surviving cells in the mottled infarct are distributed may contribute to an increase in r o as compared to normal myocardium.
In subsequent discussion, we will present indirect evidence that changes in the effective axial resistance occur in the infarcted myocardium.
Mechanisms of Slow Conduction
We observed two types of slow conduction in the infarcted myocardium. In one type, conduction appeared uniformly slow. In the other, gross discontinuities in conduction time occur. Considering only the case of uniform slow conduction, we measured a decrease in conduction velocity of 50% associated with a decrease in space constant of 23% in the infarcted region (Table 1) . On theoretical grounds, if membrane properties had not changed, the conduction velocity should have been reduced by the same amount as the space constant (Equation 6.14 of Jack et al., 1975) . Membrane properties must also be contributing to the reduced conduction velocity.
An impression of the importance of membrane properties in slowing conduction can be obtained from the recorded action potentials by applying the approximation shown in Equation 2 (Hunter et al., 1975) ;
where 6 is the conduction velocity, a is the fiber radius, C m is specific membrane capacitance, R| is specific internal axial resistance, V^ is the maximum rate of action potential depolarization, and V p is the action potential amplitude. In Table 2 , for the case of uniform slow conduction in the infarct, action potential amplitude was reduced by 15% and maximum rate of depolarization by 56%. If other factors had remained constant, Equation 2 predicts a 28% decrease in conduction velocity. If we make the assumption that the 23% reduction in space constant was due only to a 69% increase in axial resistance (from Eq. 1), then Equation 2 predicts a 45% decrease in conduction velocity which is close to our measured value of 50%. Therefore, it appears that a depression in membrane properties and an increase in axial resistance contribute equally to the uniform decrease in conduction velocity in the infarcted region. For the case of slow discontinuous conduction in the infarcted region, there are no theoretical treat- ments which adequately explain the mechanisms involved. However, the surprising finding of our study that the time constant of the foot of the action potential does not increase in the infarcted tissues provides some insight into the phenomenon of discontinuous conduction. Our experiments demonstrate that the time constant of the foot of the action potential did not increase at the slower uniform conduction velocities of infarcted tissues (Table 1) , although an increase in time constant would be predicted from continuous one-dimensional cable theory (Tasaki and Hagiwara, 1957) . In fact, Figure 6 and Table 1 indicate a slight decrease in the time constant of the foot of the action potential at the slower conduction veloc- ities in infarcted tissues, although this is not statistically significant.
A study by Spach et al. (1981) provides an explanation for this phenomenon which is compatible with our experimental findings and which suggests a relationship between uniform and discontinuous conduction. In their experiments, if the conduction velocity was decreased due to a depression in membrane properties (a decreased fast inward current associated with prematurely evoked action potentials), then there was the expected increase in the time constant of the foot of the action potential. However, if the conduction velocity was decreased by causing the wavefront to conduct transversely across the myocardial fiber orientation, then the time constant of the foot of the action potential decreased. This phenomenon could not be due to changes in membrane properties. The decreased conduction velocity in the transverse direction is explained by the Circulation Research/Vo /. 53, No. 2, August 1983 increased effective axial resistance in this direction. However, these investigators point out that, due to uneven distribution of the gap junctions, the effective axial resistance in the transverse direction is distributed less uniformly than in the longitudinal direction. Therefore, the axial current is forced to pass through these unevenly distributed cell junctions. They suggest the hypothesis that the membrane effectively behaves as isolated patches, loosely coupled with each other. A conducting action potential moving transversely halts momentarily, while charging the capacitance of the next patch of membrane in its pathway. The action potential during this delay would therefore be expected to be closer myocardium (part B) . The mean and standard deviation is shown for each case. There was no significant difference between cell diameters in normal and infarcted myocardium.
FIGURE 8. Frequency histograms showing the distribution of cell diameters measured in normal epicardium (part A) and infarcted
to a "membrane action potential." In this case, although conduction velocity decreases, the time constant of the foot of the action potential would also be decreased, compared with the action potential moving longitudinally, where the membrane more closely approximates a continuous cable.
In our experiments, if we assume that our observed decrease in the space constant and conduction velocity in the infarcted tissue was due at least partially to an increase in the non-uniformity of the distribution of axial resistance, then our infarcted tissue approximates the patchy system described above. This assumption is not unreasonable, considering the "mottled" anatomy of the infarcted region (Michelson et al., 1980) and the fact that-at the shorter space constants-discontinuous slow conduction became grossly apparent (Table 1) . Therefore, we would expect, from the preceding argument, that the time constant of the foot of the action potential might also be decreased in the infarcted tissue. In the study of Spach et al. (1981) , a decrease in conduction velocity of 62% measured transversely in ventricular muscle was associated with a decrease in the time constant of the foot of the action potential by 63%. In the case of the infarcted tissues of our studies, the opposing effect of a depression of membrane properties must also be considered. The maximum rate of rise of the action potential in the infarcted region in tissues where Tfo O t could be measured was decreased from 113.4 V/sec to 49.9 V/sec ( Table 2 ). The net effect may be no change in the foot of the action potential, since this depression in the fast inward current would act antagonistically to prolong its time constant. The cases of discontinuous conduction in our experiments can be explained on the basis thatdue to the heterogeneous distribution of surviving cells within the infarct, the axial resistance had become so unevenly distributed that the discontinuities in conduction became grossly apparent.
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